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TOXICITY OF COTTONSEED

The term ‘“‘cottonseed meal” is applied to the ground cake left after
the oil is pressed from the seed of cotton (Gossyprum spp.). For many
years it was regarded as a by-product of little value. It is now used
extensively as a feed. The annual production of the United States is
about 2,000,000 tons, valued at about $53,000,000. While it may be
fed profitably to horses, cattle, sheep, etc., in moderate amounts, poison-
ing and often death occur as a result, especially if the animal has not
been gradually accustomed to it. It is generally avoided as a feed for
pigs on account of the numerous deaths associated with its use. Din-
widdie (1905) states that hogs show no greater susceptibility than cattle
when fed quantities proportional to their body weight. Feeding experi-
ments at the North Carolina Experiment Station have shown that where
swine are fed one part of cottonseed meal with three parts of corn meal
death generally ensues in from five to seven weeks, although some pigs
have been fed for a year or more without fatal results.

In a recent experiment at this Station nine pigs weighing from 75 to
150 pounds were fed in a closed pen on a daily ration of 1 per cent of
cottonseed meal and 3 per cent of corn meal, based on their initial body
weight. Six died between the thirty-fiftth and the fifty-seventh day.
The others were alive on the ninetieth day. Roughly, then, 45 per cent
of their initial weight in cottonseed meal was fatal to these pigs. All the
smaller pigs died.

Withers and Brewster (1913) found that rabbits and guinea pigs would
succumb in about 13 days (6 to 22 days) when fed at the rate of 1 per cent
of initial body weight daily. Experiments with 22 rabbits showed that, on

1 T'his paper is the third in a series of  Studies in Cottonseed Meal Toxicity.”’ Study I, Withers and Ray
(1913), is a criticism of Crawford’s pyrophosphoric-acid hypothesis; Study II, Withers and Brewster (1913),
. suggests iron salts as an antidote.

2 For their cooperation with us in this investigation, we desire to thank Dr. G. A. Roberts and Dr.
‘W. B. Smith, of the Veterinary Department, and Dr. B. F. Kaupp, Pathologist, of the Poultry Depart-
ment, North Carolina Experiment Station.
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an average, 8.3 per cent of initial body weight was sufficient to cause death.
These authors make the following statement in regard to these tests:
As a rule the rabbits ate the meal well during the first few days and made gains in

weight. But towards the end they began to refuse the meal in whole or in part and
soon thereafter died.

There have been numerous suggestions as to the cause of poisoning
and death from the feeding of cottonseed meal. These are summarized
in the Experiment Station Record (1910, p. 501) as follows:

It has been variously ascribed to the lint, the oil, the high protein content, to a

toxalbumin or toxic alkaloid, to cholin and betain, to resin present in the meal, and
to decomposition products.

Pathogenic organisms and certain fungi have also been suggested.

Friemann (1909), a veterinarian, obtained from the alcoholic extract
of cottonseed meal which had caused sickness in cattle a base the plat-
inum salt of which contained 28.75 per cent of platinum. The free base
had a paralytic action on exposed frogs’ hearts similar to muscarin. He
concluded that the toxicity was to be referred to ptomains which result
from the nitrogen-containing components of the lecithin, and that un-
saturated fatty acids probably contributed to the total action of the meal.

Crawford (1910) concluded that “the chief poisonous principle in cer-
tain cottonseed meals is a salt of pyrophosphoric acid.” This conclusion
is discussed later in this article.

Withers and Ray (1913b) found that the toxicity of cottonseed meal
could be destroyed by boiling it with alcoholic caustic soda. This was
the only solvent of a large number used which removed or appreciably
affected the toxic principle. A noteworthy fact is that the neutralized and
evaporated extract was shown to be nontoxic.

Withers and Brewster (1913) found that if a solution of iron and
ammonium citrate was fed with cottonseed meal rabbits did not die during
a period about seven times as long as the feeding period when iron salts
were omitted. Furthermore, rabbits made sick on the meal recovered
when the iron solution was supplied with the meal.

PREPARATION OF GOSSYPOL

Our recent experiments have led us to believe that gossypol is the
toxic substance of cottonseed.

In our previous experiments we used cottonseed meal as the material
for study, but in the experiments discussed in this paper we used cotton-
seed kernels as the initial substance, as gossypol is more readily and more
completely extracted from the kernels than from the meal. Generally
speaking, the meal and the kernels are toxic to rabbits to the same degree.

We extracted gossypol from ground cottonseed kernels with ethyl ether,
after previously removing most of the oil with petroleum ether or gasoline.
Gossypol was separated from the ethereal solution by evaporation, by
precipitation with petroleum ether, or by precipitation with acetic acid.
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These products, differing in purity, have been designated by us as “gossy-
pol extract,” “precipitated gossypol,” and ‘‘gossypol ‘acetate.’”” All
proved toxic to rabbits.
The method of preparing the gossypol and other feeds is shown in the
accompanying outline.
OUTLINE OF METHOD OF PREPARING FEEDS

Whole cottonseed.

Decorticated at mill.

Hulls. _ Kernels, ground and sifted.

“Fines’’ (100 per cent of
kernels).

Extracted with petroleum

solvents.
Brownish oil (34 (fer cent of kernels), ‘ Residue I (66 per cent of
feed 29oa. kernels), feed 2go.
Extracted with ethyl ether.
Gossypol extract Residue II (64 per cent of
(2 per cent of kernels), . kernels), feed 316.
feed 318.
‘ Extracted with boiling
alcohol.
Precipitated with Treated with
petroleum ether. glacial acetic acid.
Precipitated gossypol, Filtrate,
feed 320. feed 340.
Recrystallized gossypol¢————————Crystalline Extract, Residue III,
‘“acetate,’’ gossypol feed 330. feed 331.
feed 321. : ‘“acetate,”’

feed 319.

Feeds 290, 318, 319, 320, and 321 are very toxic.
Feed 316 is very slightly toxic after long feeding.
Feeds 331 and 340 are nontoxic.
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OCCURRENCE AND PROPERTIES OF GOSSYPOL

If the cottonseed kernel is examined with a lens, many small yellowish .
brown to black spots may be seen (Pl. XXV). They are referred to by
Hanausek (1907, p. 367) as “‘secretion cavities” in the following state-
ment:

Distributed among the mesophyll cells [of the cotyledons] are procambium bundles
and globular, lysigenous secretion cavities (se) 100—so0u diameter. The lysigenous
character of these cavities when mature is quite clearly evident. The tissue which
surrounds them consists, in its outer portion, of tangentially flattened, very thin-
walled cells, and within the last a mucilaginized layer in which the traces of the cell
walls are still evident. This colorless mucilage layer, which treatment with hydro-
chloric acid and, after washing with water, with potash brings out as a yellow, folded,
and laminated mass, encloses the greenish-black, opaque secretion (v). Since the
mucilage layer is soluble in water, the secretion flows out from the sections laid in
water in the form of a thick emulsion consisting of a colorless mass containing minute
dark-colored grains (resin?) in lively molecular motion. Chlorzinc iodine colors the
secretion red-brown, sulphuric acid dissolves it to a thick turbid fluid of a blood-red
color. Ammonia colors the liquid greenish yellow without destroying the emulsion.
Potash also imparts a green color.

They are designated by Watt (1907, p. 56) as “gland dots” and by
Balls (1912, p. 13) as “resin glands.” From these glands we have
extracted gossypol and for clearness have alluded to them as gossypol
glands. Their function does not seem to be very well known.

They occur in all parts of the cotton plant and in all varieties which
we have seen. They are very abundant in the cambium layer of the
bark of the cotton root.!

Gossypol was first isolated by Marchlewski (1899) from the “foots” in
the purification of cottonseed oil, and on account of its source and phen-
olic properties he proposed for it the name “gossypol,” from Gossyp
[ium phenjol.

Previous to Marchlewski's work the crude substance constituting the
coloring matter of cottonseed oil was referred to by the older writers—
e. g., Hanausek (1903, p. 755)—as ‘‘gossypin,’’? which is described as a
light-brown pungent powder.

Marchlewski (1899) proposed for gossypol the formula C,,;H,,0,, with
CeH3,0y0 as an alternate formula. Among its properties as described by
him are the following: A beautifully crystalline yellow-colored dihy-
droxy phenolic substance, easily soluble in alcohol, benzene, chloroform,
ether, acetone, and glacial acetic acid; insoluble in water; soluble in con-
centrated sulphuric acid with a magnificent red color; easily soluble in
alkalies, the solution for the first second being yellow, after a short time
becoming a beautiful violet and then fading, the changes being due to
oxidation. The alcoholic solution gives a dark-green color with ferric

1 Thus, we have an indication that gossypol may be the active principle of the medicinal extract of cotton-
root bark. (Bouchelle, 1840.)
2'The original work on gossypin has not been located by us.
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chlorid. The samples dried at 125° to 130°, melted at 179° to 180°, and
air-dried samples melted with quick heating at 188°. .

Our experiments indicate that the substance which Marchlewski named
“ gossypol’’ contained acetic acid in combination with the substance to which
we think the name ‘‘ gossypol’’ should be assigned. The acetic-acid content
of our different products varied from 8.5 to 9.5 per cent, depending upon
the conditions under which crystallization took place. The substance con-
taiming acetic actd and the substance freed of acetic acid differ in elementary
composition and in melting point, as one would expect. Marchlewski’s
empirical formulee for gossypol appear to us to be erroneous, as they were
based upon the ultimate analysis of the acetate instead of the substance
freed from acetic acid.

Marchlewski supposed that gossypol might prove of value as a dyestuff,
and before the publication of his article took out patents ! to protect his
discoveries. He made no suggestion as to its physiological activity, nor
have we been able to find that anyone else has done so.

EXPERIMENTAIL WORK WITH GOSSYPOL
METHOD OF ROUTINE FEEDING

Rabbits and guinea pigs were used in our experiments. Rabbits do
not eat cottonseed meal nor cottonseed kernels readily. Therefore, to
make the various solid feeds palatable, we moistened them with the best
grade of molasses, rabbits eating the various feeds with great relish until
made sick. They were fed liberally with green feed once a day.

In case of forced feeding a catheter was inserted to the stomach and the
dose allowed to drain in. The intraperitoneal injections were made by
the Station veterinarian, Dr. G. A. Roberts, by whom also the post-
mortem examinations and notes were made. ‘

The rabbits were fed in galvanized-iron cages, about 20 inches long by
16 inches wide by 10 inches deep. FEach contained a trough with sep-
arate compartments for water and feed.

TOXICITY OF COTTONSEED KERNELS (FEED 2Q0)

Cottonseed kernels were extracted with petroleum ether, which does
not remove gossypol in appreciable quantities. A rabbit was started on
15 gm. daily of this feed, but it would not eat all of it. Diarrhea
resulted on the second day, and its appetite for green feed was affected
on the third and fourth days. It gradually ate less and less, so that the
feed was discontinued on the eleventh day and the ether-extracted
kernels (feed 316) substituted on the day following. During the last five
days it ate only 11.5 gm. It ate 56.5 gm. of feed 290, losing 130 gm. in
weight, but recovered on feed 316.

1 ¥nglish patent No. 24418 of 1895 and German patents Nos. 98074 and 98587 of 1898.
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Two guinea pigs, A and B, were tried with this feed. Guinea pig A

- was off its feed at the time from eating precipitated gossypol spread on

corn meal (feed 318). An attempt was made to give it kernels in which

the gossypol was not so easily detected, but the animal would not touch
them.

Guinea pig B had eaten feed 316 for 50 days and had gained in weight.
After it had been on corn meal and molasses (feed 317) for about a week,
it was placed upon feed 290 (7 gm. of kernels with molasses). It ate only
4 gm. of the kernels, although other feed was withheld for a day. We
concluded from this that even the 4 gm. had affected it physiologically
and had made it suspicious of the feed. After a week upon control feed,
it ate feed 316 without objection.

Rabbit g57, which had eaten feed 316 for 46 days without noticeable
effect, was rested for three weeks and then fed the residue after petro-
leum-ether extraction, which does not remove the gossypol. Its appetite
was perceptibly affected on the third day, but it ate most of the feed for
6 days. On the ninth day it refused to eat feed 290, but ate green feed
slowly. It died on the fourteenth day, showing symptoms of cottonseed-
meal poisoning. See Table I.

TABLE I.—Results of feeding cottonseed kernels (fat-free; feed 290) and cottonseed meal
to rabbits and guinea pigs

Weight of animal, | Velght of feed
Num-
Feed and animal No. - ber of Result.
Initial, | Final. | Loss. |Actual| ker- | f¢d-
nels.
Cottonseed kernels: Gm. Gm. Gm. | Gm. | Gm.
Rabbit 958. ...... 1,560 | 1,430 | 130 | 56.5 83 11 | Made sick and re-
fused to eat.
Guinea pig A.....] 680 {.......feuennn o o 1 | Refused feed en-
tirely.
Guinea pig B.....| 650 f.......f--.... 4 6 1 | Refused the feed.
Rabbit 957....... 1,800 | 1,535 | 235 | 00| 150 14 | Died.
Cottonseed meal:a
Average for 22 | 1,577 | 1,238 | 339 [®133 |...... 13 | All died.
rabbits.

@ The results of Withers and Brewster’s experiments (1913) with cottonseed meal are here inserted for

comparison.
b Each rabbit consumed from 48 to 225 gm. of cottonseed meal and died upon the feed in from 6 to 22 days.

TOXICITY OF GOSSYPOL EXTRACT

It is much simpler to prepare gossypol from cottonseed than from
the oil! Qualitative tests of ground cottonseed showed that gossypol
could be extracted with ether, carbon bisulphid, chloroform, benzene,
alcohol, but not with petroleum ether or gasoline. By extracting the

1 This point will be discussed under the chemistry of gossypol, which will appear in a subsequent pub-
lication.
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ground kernels in a Soxhlet apparatus for several hours with petroleum
ether and then with ethyl ether we obtained a product which for con-
venience we called ‘gossypol extract.” After the evaporation of the
ether there was left a red resinous material which had a peculiar pungent
odor and which amounted to about 2.5 per cent of the weight of the
kernels used. ‘This material seems to consist largely of gossypol,
although we have not yet made an examination with reference to identi-
fying other constituents. No doubt considerable oil is present.

Gossypol extract administered intraperitoneally and fed in one large
dose in oil or in small daily doses with corn meal and molasses was
found to be toxic to all the animals experimented with.

CATHETER FEEDING OF GossYPoL EXTRACT

This gossypol extract from go to 180 gm. of cottonseed kernels was
fed to each of four rabbits and proved fatal in every case. Care was
taken to remove all the solvent, and the gossypol extract was dissolved
in cottonseed oil which had been purified in this laboratory. The oil
solution was then fed through a catheter. The control animal, on a
large dose of cottonseed oil, had diarrhea the next day, but was normal
thereafter. ‘Table II summarizes the results obtained with the gossypol
extract fed forcibly to rabbits.

TABLE I1.—Results of feeding gossypol extract and purified cotionseed oil with a catheter

to rabbits
. Weight of
Feed and rabbit No. “;:ﬁl:itt of | ernels l;e?ore Dose. Result,
" extraction.
Gossypol extract: Gm. Gm. C.c.
023 v ceririnanann, 1, 500 90 15 | Died in about 12
hours.
024 vttt 1,750 180 30 | Died in 30 to 4o
’ (%4 water.) hours.
926. .. i 3,000 | About 160 | - 30-35 | Died in 25 hours.
027 i 2, 100 170 30 | Died in less than 16
(24 water.) hours.
Purified cottonseed oil:
g25 (control)......... 2,500 |ooriinninnn. 30-35 | Sick with diarrhea
next day only.

POST-MORTEM OBSERVATIONS

Rabbit ¢23.—Part of dose still in stomach. First foot of intestines considerably
injected. Excess serous fluid in abdomen, 10¢. c. No evidence of catheter reaching
lungs.

Rabbit g24.—Lungs very much congested. Excess fluid in chest cavity, 3 to 4
c. c. Some hemorrhagic condition along blood vessels of large intestines.

Rabbit 926.—Lungs normal. Anus discolored from diarrhea.

Rabbit g27.—Lungs markedly congested.



268 Journal of Agricultural Research Vol. V, No. 7

INTRAPERITONEAL INJECTION OF GOSSYPOL EXTRACT

Cottonseed oil was used as the vehicle for the injection of the gossypol
extract. This was readily available and of suitable consistency for injec-
tion. It was purified in this laboratory from a sample of crude oil. This
oil was selected chiefly for its ability to hold the gossypol extract in solu-
tion. Crawford (1910, p. 531-532), under ‘‘ Experiments with cottonseed
oil,” makes the following observations:.

After feeding a large dose of the crude cottonseed oil (25 c. c.) to a rabbit its weight
steadily fell and remained low, and when a moderate dose (15 c. ¢.) wasfed and this was
followed by repeated small ones the animal died, showing irritation of the gastro-intes-
tinal canal. Lendrich [19o8] noted that after the daily administration of cottonseed
oil his rabbits emaciated, but readily assimilated the same dose of oil that was given
intraperitoneally.

After feedings with purified cottonseed oil, or with olive oil, there was a loss in
weight, but the animals did not die. After feeding pure cod-liver oil the animals died.
The loss in weight was small in the case of feeding purified cottonseed oil. The fact
that the cottonseed oil gave no red reaction to litmus paper would suggest that the loss
in weight, noted after feeding the crude oil, was not due to the free oleic acid. This
acid has recently been shown to play an important réle in the production of certain
forms of anemia. Oils interfere with gastric digestion in man, and this fact must be
taken into consideration in experiments on such animals as rabbits.

Two controls receiving purified cottonseed oil were affected to only a
slight extent. All five rabbits receiving intraperitoneally an oil solution
of gossypol extract died, the extract being the equivalent of from 45 to
85 gm. of cottonseed kernels. See Table III.

TaBLE II1.—Results of iniraperitoneal injection in rabbits of gossypol extract dissolved
in purified cottonseed oil

Feed and rabbit[No. Weight of kegslgtge?gre Dose. Result.
N extraction.

Gossypol extract: Gm. Gm. C.c

[ %3 S 770 | About 50 8 | Died.

9324 ctnneneeannns 6oo | About 45 I Do.

e

034+« ceeneannanans 037 5 5 .

928.. ... i 1,090 85 7 Do.

020 .0 et 1,225 | About 50 4 Do.
Purified cottonseed oil: i

930 (control)....... 864 [ ovreeiinnn 10 | Only slightly indis-

) : posed.
033 (control). .. .... 864 [..covvnnnnn. 10 Do.

POST-MORTEM OBSERVATIONS

Rabbits 931 and g32.—Fatal with complications in four days. Entire belly (sub-
cutaneous) very edematous. Part of dose was injected subcutaneously.

Rabbit g34.—Died between the seventh and the nineteenth hour. Considerable
serous fluid in abdomen. Serous fluid in chest cavity, 2 to 3 c. c.
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Rabbit g28.—Fatal in three hours. Excess discolored serous fluid in abdomen
containing oily globules. Moderate injection in intestines at points. Slight excess of
fluid. Lungs slightly congested and slightly edematous.

Rabbit g29.—Died during night between the second and the thirteenth hour.
Excess brownish serum in abdominal cavity. Small intestines show areas of marked
injection. Lungs congested and somewhat edematous.

Rabbit g30.—Slightly indisposed on following day and normal thereafter. Appetite
only slightly affected.

Rabbit ¢933.—Same as g3o.

FEEDING GossypoL, ExTrAact wiTH CORN MEAL AND MOLASSES

An artificial cottonseed meal was made by pouring the concentrated
ether extract of cottonseed kernels over corn meal. The daily feed for
each of four rabbits was estimated to be equivalent to 30 gm. of cotton-
seed kernels, and for each of two others, 15 gm. Control animals were
given corn meal and molasses. All the animals were supplied liberally
with green feed (pea vines, cabbage, and collards) in the morning. In
the afternoon (4 or 5 p. m.) they were given the various feeds mixed with
molasses. The controls on corn meal and molasses did well, gained in
weight, and need not be further mentioned. The gossypol extract
proved very toxic. The animals receiving the equivalent of 30 gm. of
cottonseed kernels refused to eat the cottonseed feed after the fifth day.
They began to refuse green feed later, became sicker, and the last one
died within 15 days. The two rabbits and a guinea pig receiving smaller
doses were soon made sick. One rabbit and a guinea pig refused the feed
thereafter, and the other rabbit died. See Table IV.

TABLE IV.—Results of feeding gossypol extract (feed 318) with corn meal and molasses
to rabbits and guinea pig ¢

DAILY FEED EQUIVALENT TO 30 GM. OF COTTONSEED KERNELS

‘Weight of animal. Weight of mix-

ture eaten. Num-
Feed and animal No. lt)it;rvr;f Result.
Initial. | Final. | Loss. |Actual|ASker-| fed.

Gossypol extract
with corn meal
and molasses: Gm. Gm. Gm. | Gm. | Gm.

Rabbit g41...! 1,535 | 1,255 | 280 52| 104 | 8 Died.
Rabbit g42...] 1,605 | 1,250 355 54 | 108 | 12
Rabbit 943...; 1,530 | 1,180 | 350 70| 140 | IL.§
Rabbit 944...] 2,095 | 1,595 | 500 | .71 | 142 | 15

§ §5%

Average...| 1,691 | 1,320 | 371 62 | 124 | IL.7

N L33 egl;:n of the mixture of feed 318 and dry corn meal is equivalent to approximately 2 gm of cottonseed
ernels.
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TABLE IV.—Result of feeding gossypol extract (feed 318) with corn meal and molasses
to rabbits and guinea pig—Continued

DAILY FEED EQUIVALENT TO 15 GM. OF COTTONSEED KERNELS

. . Weight of mix-
Weight of animal. ture eaten. | Nem-

Feed and animal No. bde;y:f Result.
Initial, | Final. | Loss. |Actual|Asker-| fed.

nels.

Gossypol extract
with corn meal
and molasses: Gm. Gm. Gm. | Gm. | Gm.

Rabbit 953...| 1,915 | 1,755 | 160 41 82 11 | Died.
Rabbit 954...| 1,790 | 1,740 50| 80| 160| 20 | Experiment discon-
tinued.

Gossypol extract
alone:

Guinea pig A 770 650 | 120 34 68 29 Do.

POST-MORTEM OBSERVATIONS

Rabbit g41.—Reddish serum in abdominal cavity, 15c.c. Cecum deeply injected.
Liver congested. Lungs slightly congested and edematous. Conspicuous thrombus
in right auricle.

Rabbit g42.—Excess abdominal fluid, 15 ¢. ¢. Hemorrhagic (inflamed) and ulcer-
ated condition at pyloric end of small intestines. Large thrombus in right auricle.

Rabbit 943.—Slight excess of abdominal fluid. Large intestines had some hemor-
rhagic areas. Liver congested.

Rabbit 944.—Reddish serum in abdomen, 25 c. ¢. Serous membrane injected.
Small intestines reddened. Small thrombi present. Death due to enteritis.

Rabbit g53.—Mesenteric blood vessels injected. Viscera practically normal.
Liver much congested. Kidneys much congested.

Rabbit g54.—Experiment discontinued because animal refused to eat feed 318
after the eighth day. Subsequently put on precipitated gossypol.

Guinea pig A.—Experiment discontinued because animal refused to eat feed 318.

In order to ascertain the effect of a large dose, a large healthy rabbit
(945) was taken from the control feed and given all of feed 318 that it
would eat. It consumed 40 gm., equivalent to 8o gm. of kernels, on the
first day and was made sick on the following day. When it began to
recover on the fourth day it was given a small feed and died on the
ninth day, having lost considerably in weight. The protocol of rabbit
9435 is as follows:

September 23, p. m.—Ate 40 gm. of feed 318 with molasses.

September 24.—Appears sick; has diarrhea. Ate little green; refuses feed 318.

September 25.—Seems indisposed; refuses feed 318.

September 26.—Better; eats cabbage. Weight 2,700 gm. Given 15 gm. of feed 318
and 15 gm. of corn meal with molasses. Ate equivalent to 7 gm. of feed 318.

September 27, 28, and 29.—Eats pea vines readily.

September 30.—Refuses green; p. m., ate corn meal and molasses readily.

October 1, a. m.—Refuses green. Died ninth day about 3 p. m. Weight, 2,410 gm.

Post-mortem examination showed considerable excess fluid in abdominal cavity.
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TOXICITY OF PRECIPITATED GOSSYPOL

By the term ““precipitated gossypol’”’ we designate a product obtained
from the gossypol extract. In securing the extract in larger quantities
the oil was not entirely removed from the cottonseed kernels by several
previous extractions with gasoline; hence, the gossypol extract contained
considerable amounts of oil. The dark-red oily gossypol extract, after
evaporation of the ethyl ether, was mixed with a large quantity of
petroleum ether. Under some conditions a part of the gossypol precipi-
tated in brown flocks, which could be separated easily by filtration.
Under conditions of rapid precipitation these flocks would agglomerate
and form a red resinous material. Both the light-brown powder and
the red resinous material dissolved in ether very readily, giving a deep
cherry-red solution.

Another artificial cottonseed meal was prepared by dissolving weighed
quantities of precipitated gossypol in ether, pouring the solution over
corn meal, and warming over a steam bath to drive off the ether. One
gm. of precipitated gossypol was usually mixed with 50 gm. of corn
meal. This proportion was based on the assumption that gossypol
existed in cottonseed kernels to the extent of 2 per cent.

Our earlier estimate of 2 per cent appears to be too high. The largest
yields of crystalline gossypol acetate secured from the extract were from
0.8 per cent to 1 per cent of the weight of the kernels. This probably
represents nearly the entire amount present, as very little gossypol is
dissolved by gasoline and little is left after ether extraction, judging by
the slight toxicity of the residue.

Pouring the deep cherry-red solution over corn meal gave it a red
color. When this was warmed over the steam bath, the color of the
corn meal changed to a typical cottonseed-meal yellowish brown. No
explanation is offered for this change; but it is evidently not due to
oxidation, as the change begins at the bottom of the mixture, not at
the surface.

This artificial meal was fed to six rabbits and proved fatal in every
case. We had difficulty in getting them to eat it after having been once
made sick.

Rabbit 954 was taken from feed 318 (gossypol extract) and offered
corn meal and molasses containing 0.37 gm. of precipitated gossypol.
It ate an equivalent of 0.3 gm. of the precipitated gossypol by the second
day and seemed slightly indisposed. A week later it was again put on
this feed, at the rate of 0.2 gm. daily. The quantity of gossypol eaten in
the first six days was, per day, 0.2, 0.2, 0.17, 0.10, 0, and 0.05 gm. It
ate none after this, but became sicker and died six days later.

Rabbit 961 ate 0.9 gm. of precipitated gossypol mixed with corn meal
and molasses. It was apparently normal the next day, but refused
cabbage on the third day. Thereafter it ate green feed well, but seemed
to have no appetite for corn meal and molasses except when very hungry.
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A week after recovery it was started on feed 319 (precipitated gossypol
oncornmeal). We planned to have it eat 0.3 gm. of gossypol daily. The
first week 0.38 gm. of precipitated gossypol was eaten, the second week
0.67 gm., and only o.60 gm. thereafter, a total of 1.65 gm. Death ensued
after 19 days. The animal ate feed 319 sparingly and very irregularly.

A young rabbit (962) was fed similarly at the rate of 0.14 gm. a day.
By weeks it ate, respectively, 0.97, 0.15, 0.15, and 0.34 gm. of precipitated
gossypol. It was normal after the first week and died on the twenty-
ninth day.

A guinea pig refused to do anything more than nibble feed 318 (gossy-
pol extract), eating in 29 days only 34 gm. of the feed. It could not
be induced to eat feed 319 (precipitated gossypol) any better, consuming
only 1.13 gm. in 27 days. The autopsy showed that a mesenteric twist
had cut off the blood supply of the last half or third of the intestines,
so that death was not directly traceable to the feed.

Rabbit 949 was fed a large dose (1.44 gm.) of the precipitated gossypol
mixed with corn meal and molasses. The next two days it suffered
from diarrhea and refused to eat this feed, but it ate green feed. There-
after it was given precipitated gossypol in small doses, but it usually
refused all or part of this. Steadily losing weight, the animal died after
35 days, having eaten a total of 4.47 gm. of gossypol, inclusive of the
large dose. The amounts eaten each week were, respectively, 2.08,
0.58, 0.50, and 0.68 gm.

Rabbit 937 had previously eaten the ether-extracted residue (feed
316) for 61 days and had increased in weight. Then, after several days
on corn meal and molasses the rabbit was fed precipitated gossypol.
We planned to feed 0.3 gm. a day, but only on three days did it eat this
amount, usually refusing it entirely or in part. After 21 days a crys-
talline product was substituted for precipitated gossypol. The animal
steallily decreased in weight and died after 33 days. The total amount
of gossypol consumed was 2.52 gm. By weeks, 1.19, 0.27, 0.5, 0.57,
and o gm. of gossypol were consumed. It ate practically nothing
during the last 8 days. See Table V.

TABLE V.—Results of feeding precipitated gossypol with corn meal and molasses (feed 319)
to rabbits and guinea pigs

Weight of animal. Weight of
precipi- | Number
Animal No. - tated of day: Resuit.
Initial, | Final. | Loss. |EoSSypol| fed.

Rabbit Gm. Gm. G‘m‘.5 Died

itg54. .o 1,740 | 1,275 463 I.02 13 ied.
Rabbit gbr........... ... I: 830 1: 435 395 I. 22 19 Do.
Rabbitg6z................. 630 465 165 1. 62 29 Do.
Guinea pig A............... 660 565 95 1.13 27 Do.
Rabbit g49................. 2,375 | 1,702 673 | %4.47 35 Do.
Rabbitg3z7................. 2,890 | 1,925 965 2. 50 33 Do.

6 This quantity (4.47 gm.) includes a large dose of 1.44 gm. which evidently passed the bowel quickly.
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POST-MORTEM OBSERVATIONS

Rabbit g54.—Excess fluid in abdominal cavity. Serous membrane in icteric
condition.

Rabbit g61.—Large excess abdominal fluid. Small intestines show enteritis.
Blood vessels congested.

Rabbit g62.—Large excess abdominal fluid. Small intestines inflamed and hemor-
thagic. Small thrombus in right heart.

Guinea pig A.—Evidently died from mesenteric twist (convolvulus) in intestines.
Posterior third greatly inflamed. ILungs congested and edematous.

Rabbit g49.—Slight excess of abdominal fluid. Small intestines conspicuously
inflamed. Large pericardial abscess present. Enteritis.

Rabbit g37.—Slight excess abdominal fluid. Small intestines irritated throughout.
Conspicuous thrombi in heart. Lungs congested and edematous.

TOXICITY OF CRYSTALLINE GOSSYPOL ‘‘ACETATE’’

Crystalline gossypol “acetate’” was obtained from a gossypol extract by
the action of glacial acetic acid, which caused a slow deposition of yellow
crystals. We have designated this substance as an “acetate,” although
the acetic acid present is not firmly bound.! The product corresponded
in general properties to Marchlewski’s gossypol. It was administered
intraperitoneally to four rabbits, proving fatal, and was fed daily to
eight rabbits. It made all of them sick. Ome died from secondary
causes. Two refused to eat the feed after 5 and 15 days, respectively,
and five died within from 13 to 55 days, having eaten from o0.35 to 2.53
gm. of crystalline gossypol ‘ acetate.”

INTRAPERITONEAL INJECTION OF CRYSTALLINE GOSSYPOL ‘‘ ACETATE "’

We dissolved 1.2 gm. of gossypol ‘“acetate’” in ether and mixed the solu-
tion with 16 c. c. of cottonseed oil. The ether was evaporated by heat-
ing over a steam bath. This was given intraperitoneally to two rabbits
of about 1,100 gm. weight so that each rabbit received from o.5 to
0.55 gm. of gossypol ‘“‘acetate.” Both animals died and were cold in six
hours. The autopsy showed a considerable portion of the dose in the
abdominal cavity, so that much more than a lethal dose was given.

About 3 gm. of a yellow, crudely crystalline product similar to that
which was injected in 0.5 gm. doses to rabbits 955 and 956 was recrystal-
lized as follows: The material was dissolved in hot alcohol and heated to
boiling, then 50 per cent of acetic acid was added until the liquid became
slightly turbid. This mixture was again heated to the boiling point and
allowed to cool. Most of the substance separated in yellow, flat, pointed
crystals, about 0.1 to 0.5 mm. long, which melted with darkening at
about 178° C.

1 The term “acetate”’ is arbitrarily used. Gossypol crystallizes from glacial acetic acid and even from
quite dilute acetic acid with a molecule of acetic acid, which is not removed by long boiling with water
or by heating to 115° to 120°% Its presence thus escaped our attention as it did Marchlewski’'s. Itis
entirely improbable that a small amount of acetic acid modifies in any way the physiological action of
gossypol. See*‘ Results of feeding precipitated gossypol.”
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To prepare the injection, 0.7 gm. of this substance was dissolved in
ether and the ethereal solution mixed with 20 c. c. of purified cottonseed
oil. 'The clear reddish yellow solution was warmed over steam until it
had not the slightest odor of ether. This was then injected in doses of
10 c. c. into two rabbits, 963 and 964, weighing 1,560 and 1,485 gm.,
respectively. In a few minutes the rabbits became very uneasy and
then passed into a sort of stupor. Rabbit 963 died in 3.5 hours and 964
in 4.5 hours. The death of rabbit 964 was witnessed. Shortly before
death it toppled over on its side, had several convulsions, gasped several
times, squealed, and died.

In these cases, as in the previous one, there was considerable injecta
left in the abdominal cavity. See Table VI.

TABLE VI.—Result of administering crystalline gossypol *“ acetate’’ intraperiioneally in
cottonseed o1l to rabbits

CRYSTALLINE GOSSYPOL ‘‘ ACETATE "’

Initial Weight of
. iy Weightof| Dose | 80SSYyPo
Rabbit No. v;glgg;:t?f gossypol. | volume. g‘exl; ‘1;1113 Resuit,
weight.
Gm. Gm. C. c.8 Gm. Died
055 e ettt 1,115 .55 0.493 ied.
050 .t 1, 180 .55 8 . 466 Do.
RECRYSTALLIZED GOSSYPOL ‘‘ ACETATE ’’
903 . vt e 1, 560 0.35 10 | o0.244 | Died.
004, i e 1, 485 .35 10 .235 Do.

POST-MORTEM OBSERVATIONS

Rabbits g55 and g56.—Dead and cold after six hours. Apparent nonabsorption of
much of the injection. Excess of fluid. Peritoneum stained brown. Visceral blood
vessels slightly injected.

Rabbit 9g63.—Died in convulsions. Part of injecta present as oily globules. Serum
present also. Serous membrane stained yellow.

Rabbit g64.—Same as 963, except small intestines were rather markedly injected.

FEEDING CRYSTALLINE GOSSYPOL ‘‘ ACETATE '’ TO RABBITS

Crystalline gossypol ‘‘acetate” with corn meal and molasses (feed
319) was fed to rabbit 965. The feed was refused on the fourth day, after
which it was not further given. Only on the first day did the animal
eat the entire amount fed. After eating 0.3 gm. of crystallized gossypol
‘“‘acetate,” it had a bad diarrhea arld little appetite for green feed the next
day. The protocol was as follows:

December 13, first day.—Ate o.3 gm. with corn meal and molasses; weight, 2,340

gm.
December 16, second day.—Bad diarrhea, and eats little green feed.
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December 16, p. m.—Ate 0.2 gm. of gossypol.

December 17, a. m.—Ate green feed well.

December 17, p. m.—Ate o.17 gm. of gossypol.

December 18, a. m.—Ate green feed well.

December 18, p. m.—Refused to eat the “doped’’ food.

December 19, a. m.—Slightly sick; eats green feed moderately. ~_

December 19, p. m.—Refused to eat corn meal and molasses, but ate green feed.

Amount eaten, 0.67 gm.; final weight, 2,140 gm.; loss, 200 gm.

December 20 to December 31.—Ate green and corn meal and molasses; regained
normal health.

Rabbit 951, weight 1,800 gm., which had previously stood two long
feeding periods on ether-extracted cottonseed kernels, was fed crystal-
line gossypol ““acetate.” It ateo.6 gm. in the first four days and then be-
came sick, refusing all feed. On the tenth day it weighed 1,605 gm.
From then till the twenty-eighth day, on which it died, it ate 0.32 gm.
Weight about 1,170 gm.

Post-mortem observations: Teaspoonful excess in abdomen. Moderate injection

of serous membranes. Some hemorrhagic areas in stomach. Mesenteric blood vessels
more or less injected. Small thrombus in heart.

Rabbit 965A ate the same preparation of gossypol mixed with corn
meal and molasses. It ate, by weeks, 0.64, 0.08, 0.5, 0.37, 0.07, 0.80,
0.31, and o gm.; total, 2.53 gm. This was a large healthy rabbit at the
beginning. The post-mortem examination showed a slight excess of
fluid in the abdominal cavity and serous membranes highly congested.

A new lot of rabbits was secured from a supply house in Washington,
D. C. These rabbits were not as healthy and resistant as could be de-
sired, some evidently having been used before in experimental work.

Rabbits 974, 976, 977, and 972 were given the same gossypol feed.
Rabbit 974 ate 0.33 gm. of gossypol with corn meal and molasses. The
next day it had a very bad diarrhea, which continued all day. It ate no
green feed and only a little gossypol feed for the next four days, after
which gossypol was withdrawn from the feed. On the nineteenth day
it had not entirely recovered from the effects of eating 0.47 gm. of gossy-
pol during the first five days. Loss in weight during 15 days, 330 gm.

Rabbit 976 was fed 0.25 gm. of gossypol. It had diarrhea the next
day and no appetite. The third day it ate o.05 gm.; fourth day, 0.09
gm.; fifth day, o.o1 gm.; and afterwards refused the gossypol feed. It
lost in weight steadily until death, on the fifteenth day. Gossypol eaten,
o.40 gm. Loss in weight, 475 gm.

Rabbit 977 was fed like 976, with approximately the same effect. It
died on the thirteenth day. Gossypol eaten, 0.35 gm. Loss in weight,
580 gm.

Rabbit 972 ate 0.55 gm. of gossypol and died in 13 days.

These last three rabbits were fed on a product which was somewhat
darker in color than the gossypol given rabbit 974. The gossypol tends
to take on a greenish or brown tinge under some conditions of prepara-
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tion. Gossypol from old seeds is greenish. The post-mortem examina-
tion showed considerable irritation in the small intestines of these
rabbits.

EFFECT OF SMALL DOSES OF CRYSTALLINE GOSSYPOL ‘¢ ACETATE '’

Rabbit 978, weight 2,100 gm., was fed on recrystallized gossypol
‘“acetate’ at the rate of 0.05 gm. daily mixed with corn meal and molasses.
After one week it began to show a diminished appetite for the feed. On
the nineteenth day it was given a double dose by mistake, and for two
weeks thereafter showed a very poor appetite for the feed. At that time
it weighed 1,820 gm.

Its record by weeks is as follows:

Quantity of gossypol eaten.....gm.. 0.34; 0.33; 0.335; 0.25; 0.25; 0.32;

0.125.
Weight of rabbit.............. gm.. 2,045; 2,0I0; 2,070; 1,820; 1,930;
1,730.
Total quantity of gossypol eaten.......................gm.. I1.95.

The animal died after 51 days. The post-mortem examination showed
that a convolvulus had set up a necrotic condition in the intestine.
Whether the feed was contributory to this condition we are unable to
say. See Table VIL

TaBLE VII.—Results of feeding crystalline gossypol ‘“ acetate’’ (feed 319) to rabbits

Weight of rabbit. Weight | nrym-
Feed and rabbit No. of o ber of Result.
148 : ‘‘acetate’’ yS
Initial. Final. | Loss. | “oatan. fed.
Gossypol ‘‘acetate’’: Gom. Gm. Gm. | Gm. .
905 it i 2,340 | 2,140 | 200 | ©.67 5 | Made sick.
1417 P 1,800 | 1,170 | 630 .92 28 | Died.
965A. ..............| 2,265 | 1,600 665 | 2.53 35 Do.
Recrystallized gossypol )
‘‘acetate’’: .
074+ +veeneeaneaienns] I,0670 | 1,340 | 330 .47 15 | Made sick.
070, e 1,670 | 1,105 | 475 . 40 15 | Died.
1Y & ST 1,825 | 1,245 580 .35 13 Do.
072 v einiie s 1,425 [ 1,115 | 3I0 .55 13 Do.
Gossypol ‘‘acetate’’ fed
in small doses (o.03
gm. per day):
078, i 2,100 | 1,730 380 | 1.05 51 | Died from second-
ary causes.

FEEDING GOSSYPOL ‘‘ ACETATE '’ To FowLs !

Two cockerels (986 and 987) previously fed on cottonseed meal to
study the symptoms, were started on gossypol. Powdered gossypol
in 0.3 gm. doses was fed, followed by a little water. On the fourth

1 This experiment was carried on under the supervision of Dr. B. F. Kaupp, Pathologist, of the Poul-
try Division, North Carolina Agricultural Experiment Station.
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day cockerel 986 had fallen off in weight, and his appetite was only
fairly good. On the sixth day his digestion was poor, his crop being
full of food. The bird steadily lost in weight until death on the six-
teenth day, dropping from 3 to 2 pounds in weight. The bird was given
4.1 gm. of gossypol, at least 0.5 gm. of which was found in the crop
after death.

The post-mortem examination showed extreme emaciation. Food in crop for a num-
ber of days; indications that gossypol interferes with the nervous mechanism of diges-
tion. Diarrhea, the contents being fluid in rectum only. Semisolid in other portions.
An absence of visible lesions.

Cockerel 987, slightly larger than 986, reacted in quite the same man-
ner as 986 to administrations of gossypol. He steadily wasted away,
falling from 3 pounds 8 ounces to 2 pounds 3 ounces, and died on the
twenty-sixth day. Amount of gossypol fed, 5 gm.

The post-mortem examination showed extreme emaciation. Testes, spleen, giz-
zard, and other organs to a certain extent in a state of absorption,

Of chief interest to us was a statement by Dr. Kaupp to the effect
that the gossypol produced the same results as cottonseed meal.

+A healthy pullet- (989) was started on gossypol. On the fourth day
her digestion was affected. Nine doses of 0.3 gm. each in a period of
20 days were sufficient to cause her to refuse all feed and to waste away.
She died on the thirty-sixth day, weight 1.5 pounds, just half the
initial weight. Dr. Kaupp reported that ‘“the autopsy revealed noth-
ing beyond extreme emaciation.” See Table VIII.

TABLE VIIL.—Results of feeding gossypol *‘ acetate’’ to fowls

Weight of fowl. ‘Weight

of gosl- Death
8
Fowl No. R | ctirred
Initial. | Final. | Loss. | tate” | in—
eaten
Pounds.| Pounds.|Pounds.| Gm. | Days.
080, it 3.0{ 2.0] .o 4.6 16
087 e s 3.5| 22| 1.3| 5.0 26
080 et 30| 1.§5| 15| 2.7 36

FEEDING GOSSYPOL ‘‘ ACETATE '’ TO A PIG

Pig 989, weighing 21 pounds, was fed corn meal and molasses. He
ate with relish. About 5 p. m. he was given 3 gm. of crystalline gos-
sypol “acetate’’ mixed with 8o gm. of corn meal and molasses, the whole
feed weighing about 125 gm. He ate all but a small part. The next
morning he had little appetite. In the afternoon he was given 1 gm. of
gossypol on corn meal and molasses, most of which was left on the fol-
lowing morning. The remainder was made into slop. He ate part of
this. On the afternoon of the same day he vomited; the following
morning he appeared sick. We.were unable to continue this experi-
‘ment. ) '

9840°—15——2
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TOXICITY OF GOSSYPOL EXTRACT FREED OF GOSSYPOL (FEED 340)

Gossypol extract was treated with acetic acid for the preparation of
gossypol ““acetate,” as previously described. The precipitate contained
most of the gossypol. The filtrate, which contained only a small amount
of it, was mixed with corn meal and dried. The extract, thus practi-
cally freed of gossypol, was fed to two rabbits in very large amounts and
produced no symptoms of poisoning in either.

The rabbits weighed 1,995 and 1,986 gm., respectively. Each was
fed the extract from 500 gm. of kernels during five days, the daily
amounts for the first two days corresponding to 130 gm. each and for
the three other days, go gm. each. No rabbit could have eaten within
this short period without fatal results such a large amount of kernels or
the gossypol from them.

TOXICITY OF OXIDIZED GOSSYPOL (FEED 338)

Withers and Ray (1913b) noted that the toxicity of cottonseed meal
could be destroyed by boiling with alcoholic caustic soda. The alkaline
alcoholic filtrate from this treatment was also found to be nontoxic,
owing to the oxidation of the phenolic gossypol to an organic acid. %o
ascertain the correctness of this view, weighed amounts of recrystallized
gossypol dissolved in alcohol were treated with dilute caustic soda. The
solution was exposed to air overnight, made slightly acid with hydro-
chloric acid, and evaporated to dryness. The residue was mixed with
corn meal and molasses for feeding. The substance had a pronounced
bitter taste. Two small rabbits ate the oxidation product, equivalent
to 3 gm. of gossypol apiece, in the course of 16 days without the
slightest sign of being affected thereby. See Table IX.

TABLE IX.—Result of feeding oxidized gossypol to rabbits &

Weight of rabbit. Equiv-

alent

. in gos-

Rabbit No. Second |, Fif- ) sypol

day. teenth | Gain, | of feed

day. eaten.

Gm. | Gm. | Gm. | Gm.

3 1,280 | 1,420 | 160 3
L 850 1,065 | 215 3

@ On 4 days out of the 16 oxidized gossypol was not fed.

TOXICITY OF KERNELS WITH GOSSYPOL INCOMPLETELY EXTRACTED
Eraer-EXTRACTED KERNELS (FEED 316)

Decorticated cotton seeds were secured from Charlotte, N. C. They
were sifted to remove as much lint and hulls as possible. The kernels
were then ground in a mill and sifted through an 18- to 20-mesh sieve and



Nov. 15, 1015 Gossypol, the Toxic Substance in Coitonseed Meal 279

extracted for five to eight hours with ethyl ether in a filter-paper thimble
in a large Soxhlet apparatus.¢ After extraction the residual ether was
evaporated and the kernels sifted through a 1-mm. sieve. They were
either heated for an hour or so over a steam bath or dried in the air.

Sixteen rabbits and two guinea pigs were fed upon ether-extracted
kernels. One of the rabbits had its back broken on the fifteenth day
and was chloroformed. It showed none of the usual symptoms of
cottonseed-meal feeding. Nine of the animals (Table X, part 1) died in
from 19 to 75 days and 8 (Table X, part 3) were alive and normal at the
end of the feeding experiments, which ranged from 42 to 71 days. Calcu-
lated to the average daily equivalent of kernels per kilogram of initial
live weight, 9.4 gm. of ether-extracted kernels proved lethal to nine
rabbits after 45 days, while 11.5 gm. did not prove lethal to eight others
after 52 days. The ether-extracted kernels are therefore much lower in
toxicity than cotton seed meal, of which a daily feed of 6.5 gm. per kilo-
gram for 13 days was found lethal by Withers and Brewster (1913).

In view of the strikingly positive results obtained with ether extract
and gossypol isolated therefrom, it was naturally expected that the
ether-extracted kernels would prove nontoxic. With death resulting
to only g out of 17 animals, and then not until after an average of 45 days,
it is not unlikely that if the ether-extracted kernels had been fed in as
small quantities as the cottonseed meal (6.5 instead of 9.4 gm.) they
would have proved practically nontoxic, as anticipated.

The thoroughness of extraction is very important, as shown by the fact
that kernels through which ether had only percolated proved toxic in
from 11 to 14 days (Table X, part 2), while the average lethal period
for kernels extracted from five to eight hours (Table X, part 1) was 45
days, or more than three times as long (Table X).

TABLE X.—Results of feeding ether-extracted cottonseed kernels (feed 316) to rabbits

PART I
Weight of rabbit.  |Equivalentofieed) o
Weight Num,
Animal No. of feed Yavs | Result.
. : Gainor | caten. fed.
Initial. Final. Toss. Total, | Daily. .
Gm. Gm. Gm. Gm. Gm. Gm.

2,100 | 1,655 | —455| 348 522 14 35 | Died.
1,380 | 1,500 | -120| 568 852 11 75 Do.
1,480 | 1,678 | 198 | 251 373 20 19 Do.
5,875 | 1,576 | —300 | Go; 909 | 17| 53| Do
1,430 | 1,318 | —112 | 404 741 15 52 Do.

9 2,560 | 2,165} —395| 882 | 1,323 21 64 Do.
inea pig
(second penod)b 610 535 — 85| 199 300 9 34 Do.
970 vt i 1,515 | 1,670 | 4155 285 420 21 20 Do.
11 7 W 1,510 { 1,525 | - 15| 458 687 14 50 Do.
a Before the ether extraction the ground kernels were extracted with petrol ether or line in case

it was desired to work up the ether extract for gossypol.
b Rabbit 651 and guinea pig B werefed for two separate periods, therebeing a rest of t wo weeks between
the two periods.
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TABLE X.—Results of feeding ether-extracted cotton seed kernels (feed 316) to rabbits—

Continued
PART 2
Weight of rabbit. RS e
Animal No. ‘i;‘;eilegelclit l‘)f;g Result.
g ; ten.
mnitial, | Pinal, | Caimor | o | pagty, | fed.
Gm. Gm. Gm. Gm. Gm. Gm. .
030 ieiineins 1,510 | 1,255 | —255| @89 133 12 11 | Died.
938. ...l 1,930 | 1,405 | —525| @70 105 8 13 Do.
936. .. ..ot 1,415 955 | —460 [ @69 103 7 14 Do.
PART 3
037 cvinneins 2,630 | 2,900 | 270 (1,013 | I,520 25 61 | Lived.
951 (first period)d| 1,800 | 1,990 | -190 | 60O 914 22 42 Do.
951 (second pe-
riod)b.........| 1,040 | 1,790 | —150( 3539 810 15 53 1. Do.
057 v v, 1,650 ( 1,835 -+185| 627 942 21 46 Do.
Guinea pig B
(first period)d. .. 620 685 | -+ 65| 320 480 10 50 Do.
960. ...l 2,040 | 2,195 | -+155| 198 300 20 15 | Chloro-
formed.
909, ciiiiiian 1,475 | 1,797 | 4322 | 798 | 1,197 16 71 | Lived.
[1: 3 S 1,800 | 2,230 | —+340| 880 | 1,320 30 44 Do.
985. i 1,315 | 1,730 | -415| 615 923 18 51 Do.

a Feed percolated only with ether.
- b Rabbit gsr and guinea pig B were fed for two separate periods, there being a rest of two weeks between
the two periods.

Rabbits 939, 938, 936, and g40.—The post-mortem examination showed symptoms
resembling cottonseed-meal poisoning.

Rabbit g35.—When this animal had recovered from the effects of the incompletely
extracted kernels, it weighed 1,030 gm. It ate 647 gm. in 49 days and then weighed
1,600 gm. It died on the seventy-fifth day, showing symptoms other than those
common to cottonseed-meal poisoning. .

Rabbit g37.—Slightly off its feed in the middle of the experiment, but was in per-
fect condition when this feed was discontinued.

Rabbit g52.—Post-mortem examination showed a small amount of excess abdominal
fluid and the small intestines considerably congested. Death due to enteritis. Symp-
toms of cottonseed-meal poisoning.

Rabbit g51 (first period).—Kept in good condition most of the time.

Rabbit g51 (second period).—Somewhat affected by feed. Ate but lightly at end.

Rabbit g47.—About 40 c. c. excess serous fluid in abdominal cavity. Considera-
ble necrosis had set up.

Rabbit g57.—Perfectly well at the end of the experiment and remained so during
the subsequent three weeks. Itacquired no “immunity’’ toward cottonseed poison-
ing, however. See data on rabbit 957 on feed 290.

Rabbit g58.—Put on this feed after being made sick on unextracted kernels (feed
290). Post-mortem examination showed about 15 c. ¢. excess serous fluid in abdomen;
small intestines markedly injected with slight hemorrhagic areas; liver congested;
large abscess in submaxillary lymphatic glands.

Rabbit g59.—Began to be affected on the forty-seventh day, having gained up to
this date. The post-mortem examination showed excess bloody serum in abdominal
cavity; large amount of serum present with coagulated fibrin; serous membranes con-
gested.
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Guinea pig B.—In perfectly normal health at the end of first feeding period. Died
in second experiment, showing much irritation in intestines. :

Rabbit g6o.—Broke its back accidentally and was chloroformed. Its case is of
interest in that the autopsy showed no pathological lesions in the time usually required
to kill an animal with cottonseed meal.

Rabbits 969 and g70.—Had previously been on the alcoholic extract (feed 330) for
26 days without ill effects. ' o

ARE THE BAD EFFECTS OF FEED 316 DUE TO GOSSYPOL?

Feed 316 is of a pale-yellow color. Moistened with ether and exam-
ined through a lens, numerous black specks are seen, as in the unex-
tracted kernels. These represent the gossypol glands, the contents of
which have in part been removed by ether. Sometimes these glands
have become separated from the seed tissue and can be examined indi-
vidually. They dissolve in concentrated sulphuric acid with a red color,
indicating gossypol. Omn warming a gram or so of the extracted kernels
with alcoholic potash and shaking, a darkening in shade with a sugges-
tion of a purple color takes place in the supernatant liquid. This is
characteristic of gossypol, the depth of color depending upon the amount
of gossypol. When the alcoholic alkali first touches the particles, they
turn several shades deeper to a yellow that matches the color of cotton-
seed meal very closely. This is also characteristic of gossypol. On the
addition of acid the former light-yellow color returns.

If the extracted kernels are allowed to soak in water for a short while,
a substance dissolves which gives the liquid a reddish violet color. ‘This
is probably due to an oxidation product of gossypol. The coloration is
quite permanent.t

These experiments show that gossypol or oxidation products of gossypol
or possibly other similar substances (see Power and Browning, 1914, p. 420)
are still present in this residue after the long-continued ether extraction.

The fact that gossypol is not completely extracted by ether, although
very soluble in it, may be due to its being held mechanically in imper-
vious cells, being fixed dye like in the tissue, or being in the form of an
insoluble metallic salt.

Therefore, it seems to us that even the slight toxicity of the residue
after ether extraction is due to its gossypol content. (See data on
. rabbit 978, Table VII, p. 276.)

TOXICITY OF KERNELS PRACTICALLY GOSSYPOL-FREE
ETHER-A1COHOL-EXTRACTED KERNELS (FEED 331)

In order to determine whether it were possible by extraction with
solvents to prepare a cottonseed feed which would not produce any bad
results with rabbits, the ground kernels were extracted first with gaso-
line to remove oil, etc., then with ether in a large separatory funnel
until the percolate was of a very faint-yellow color. The residue was

1 An attempt will be made to correlate this observation with the red sap (anthocyan?) of certain species
of Gossypium.
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removed and boiled in a large flask with alcohol. The first alcoholic
extracts were quite highly colored. The extraction was repeated until
a filtrate was obtained which possessed only a pale-yellow color.

The ether-alcohol-extracted kernels were fed daily to three rabbits for
from 72 to 105 days in amounts ranging from the equivalent of 15.2 to
24 gm. of kesnels; at the end of the period the rabbits were normal and
all had gained from 30 to 148 per cent of their initial weight and were
still gaining.

The severe test that these rabbits endured is sufficient to show that a
feed has been prepared which can be called practically nontoxic.

It also indicates that protein and organic phosphates (inosite phos-
phoric acid salts), which are present in the feed in larger amounts than
in cottonseed meal, have very little, if anything, to do with cottonseed-
meal poisoning.

TaBLE XI.—Results of feeding cottonseed kermels extracted with gasoline, ether, and
alcohol (feed 33I) to rabbits

Weight of rabbit. Weight | eatena kernels
Rabbit No. of feed |-————————— Nymber of
Initial. ‘ Final. ‘ Gain. | A% | rotal. | Daily. ’
Gm. Gm. Gm. Gm. Gm. Gm.
966. . ... ...iln 1,335 | 1,897 562 | 1,043 | 1,738 24 72
907 . i it 640 | 1,590 950 957 | 1,595 5.2 105
908. . i 1,610 | 2,095 485 | 1,108 | 1,846 19.6 04

Rabbit 967 was slightly off its feed only on the fortieth and forty-first
days, but recovered quickly and continued to gain. See Table XII.

Rabbit 968 was one of the lot of Belgian hares received from Washing-
ton, D. C., in rather poor health. It was started at the rate of 15 gm.
daily, equivalent to 25 gm. of whole kernels. This proved too heavy
feeding, for after two weeks the animal went off its feed for several
days. The ration was then reduced (Table XII).

TABLE XII.—Record of rabbits 967 and 968 on feed 331

i i i ight of || Rabbit No. and period | Weight of | Weight of
Rabbltg:a:?'c)‘. period fEZSI g&e:‘ “{'Sagbii.o (10-day). e feed gten. rabbit.
Gm. Gm. Gm.
640 || Rabbit 968 ...... | eevevnn.. 1, 610
705 SN 140 1, 525
845 2... 83 a 1,410
930 3. 81 @ 1, 460
.......... 4... 100 @ 1,640
@ 1,055 5. 100 a 1,725
@ 1,200 6... 107 @ 1,900
% 1,335 7o 135 @ 2, 105
@ 1, 420 8.. 150 @ 2,130
a1, 515 L YR 150 | @,0 1,890
| 1< TR, 120 a 1, 560 Last 4 days. ., 60 2,095
Last 5 days. .. 6o a1, 590

@ 10 gm. of corn meal was added daily to the feed. .
b Loss in weight was due to the delivery of seven young rabbits.
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TOXICITY OF AN ALCOHOLIC EXTRACT OF GASOLINE-ETHER-EXTRACTED
KERNELS (FEED 330)

The solution obtained by treating gasoline-ether-extracted cottonseed
kernels with hot alcohol was evaporated to a small volume over a water
bath. The extract was about 10 to 12 per cent of the kernels. As the
solution was concentrated, it separated into a yellowish layer (probably
chiefly raffinose) and a reddish black resinous layer. The concentrated
solution was mixed with corn meal, dried, and pulverized. This feed had
a yellow-brown color and a very bitter taste. It was fed to two rabbits
(969 and g70) in amounts equivalent to 50 gm. of cottonseed daily. It
did not prove to be toxic, although the rabbits lost slightly in weight
and frequently left part of their feed, possibly on account of its bitter
taste. On the fourth day of feeding a slight diarrhea was noticed in
both animals. They were quite normal after having been on the feed
for 26 days, when it was discontinued (Table XIV). '

TaABLE XIV.—Results of feeding an alcoholic extract of gasoline-ether-extracted cottonseed
kernels (feed 330) to rabbits

Weight of rabbit. Weight of l?é‘n“t“é?' Number
Rabbit No. feed |; o ieaten| ©fdays | Result.
Initial. | Fimal. | Loss. | 0 |askernels| fed-
(v
069. ¢ ot 1,530 | 1,475 55 243 | 1,000 26 | Lived.
Q70 t v e 1,650 | 1,515 135 214 [e) 26 Do.

These two animals were then fed on the material from which the
extract was obtained (see feed 316).

The presence of some gossypol due to the incomplete extraction by
ether doubtless causes the slight toxicity of feed 316.

The nontoxicity of feed 330 may be explained on the assumption that
the gossypol, extracted from feed 316 by alcohol, undergoes oxidation
during the process of extraction or evaporation. This point needs fur-
ther study (see feed 338).

Both the alcoholic extract and oxidized gossypol possess a bitter
taste, whereas gossypol and gossypol ‘‘ acetate’’ are tasteless and odorless.

ARE OTHER TOXIC SUBSTANCES PRESENT?

Although the feeding experiments show that gossypol is very poisonous,
produces symptoms of cottonseed-meal poisoning, and affords a satis-
factory explanation of the toxic properties of cottonseed meal, we do
not claim to have made a complete study of the cottonseed from the
standpoint of toxicity. The following problems are still unsolved:

(1) To exactly what extent does gossypol occur in cottonseed—i. e.,
in the petroleum extract and in the ether-extracted residue—and is
‘gossypol the only toxic substance of like nature in the gossypol extract?
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(2) To what extent, if any, do other toxic substances not related to
gossypol contribute to the total action of cottonseed meal—i. e., are
decomposition products and toxic alkaloids present in cottonseed meal?
In this connection it may be stated that Friemann (1g9og) found an
unidentified alkaloid in cottonseed meal, which caused paralysis of
exposed frogs’ hearts. Werenskiold (1897) obtained from cottonseed
meal an alkaloid for which he proposed the name ‘“gossypein.” He
also found betain and cholin. Withers and Fraps (1901, p. 81) state:

Gossypein, if present in the sample tested, was present in very minute quantity.
The filtrate from 363 grams cottonseed meal, ready for precipitation with phospho-

tungstic acid, was extracted with chloroform, and nitrogen was determined in the
extract. It was equivalent to 0.008 per cent gossypein (calculated as cholin).

Withers and Ray (1913b) state:

No evidence was found of the presence of toxic alkaloids in the feed, or of hydro-
cyanic acid in the feed or in the bodies of animals dead from eating cottonseed meal.

The fact that many solvents acting on cotfonseed meal failed to remove
the toxic substance suggests the possibility that in the manufacture of
cottonseed meal the gossypol in the glands is fixed dyelike in the tissue
of the seed, so that solvents like ether, in which gossypol is easily soluble,
do not completely extract it. Gossypin is said to dye wool and silk
(proteid materials). (See p. 265.) Again, some of the glands may be
made impervious to the action of solvents by the mucilaginous substance
surrounding the secretion. As is well known, cottonseed contains a
large amount of raffinose (4 to 6 per cent). In the manufacture of the
meal—e. g., in steaming—this may be partly dissolved and subsequently
a film of this sugar deposited on the particles of meal. These factors
must be considered with reference to the nonremoval of gossypol from
the meal by solvents.

It may be noted that every gram of extracted residue represents at
least 1.5 gm. of kernels. A ration of 15 gm. per day means that the
animal eats all the protein and practically all the phosphorus of 22.5 gm.
of seeds.

The residue (feed 316) is rich in nitrogen and ash. The values of
nitrogen, protein, sulphur, and phosphorus in the ground kernels, and in
feeds 316 and 331 are given in Table XV.

TABLE XV.—Percentage of nitrogen, protein, sulphur, and phosphorus in ground cotton-
seed kernels and in feeds 310 and 331

Feed. Nitrogen, Protein. Sulphur. | Phosphorus,
Ground kernels. ........................ 5. 24 32.7 0.40 |cvvunrennn
Feed 356...uvvveiiininiiniiniennn. 8.6 53.7 . 54 L2
Feed 33T...0cviviivnniniiiiiiininn. 8.8 550 |eenurenain]onninennns
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It is quite probable that the animal organism is able to take care of
the large amount of proteins and phosphorus compounds, as may be
inferred from the results of feed 331.

The latest published endeavor to ascribe the poisonous effects to a
specific chemical substance was by Crawford (1910), whose experiments
seemed to point to salts of pyrophosphoric acid.

The improbability of this conclusion was shown by Withers and Ray
(1913a), of this Station, in feeding experiments. Cottonseed meal was
extracted with ammonium citrate. This left an insignificant amount of
phosphorus in the residue, which was almost as toxic as whole cottonseed
meal. '

Edgerton and Morris (1912) also conducted many feeding experiments
with cottonseed and cottonseed meal. They fed sodium phosphate in
large amounts and concluded that they had found “no evidence whatever
to show that pyrophosphoric acid has anything to do with cottonseed-
meal poisoning.”

Rather (1912) also studied the phosphorus compounds of cottonseed
meal and concluded that there was no evidence that the samples of cotton-
seed meal examined contained either pyrophosphoric acid or metaphos-
phoric acid. He also states (p. 16) that ‘‘the inorganic phosphorus
(Forbes’ method), in the samples of cottonseed meal examined was less
than 5 per cent of the total phosphorus.”’

R. J. Anderson (1912, p. 5) isolated an inosite phosphoric acid very
similar to phytic acid and made the following statement:

The organic phosphoric acid of cottonseed meal gives all the reactions previously
attributed to the presence of pyro- and meta-phosphoric acids. But the question
whether or not it is also the toxic principle in cottonseed meal remains unanswered.
Preliminary experiments carried out with the acid obtained from the purified barium
salt on rabbits are not conclusive. Given in o.5 and 1 gram doses, both the free acid
and its potassium salt produced strong symptoms of distress, but after a few hours the
animal regained their normal appearance. Larger doses passed through the bowel in a
very short time and no definite symptoms developed.

It is difficult to determine just what caused the toxicity of the preparatlons which
were used in the experiments described by Crawford. It is evident that very impure
substances were fed.

Since inosite phosphoric acids occur in numerous feeding stuffs other
than cottonseed meal—e. g., wheat bran, corn, oats, barley—and since
no suspicion of toxicity has occurred in these substances it seems highly
improbable that the phosphoric acids in cottonseed meal have any
significant action as toxic agents.

METHODS FOR REMOVING OR DIMINISHING THE TOXICITY OF
COTTONSEED

Three methods have been proposed at the North Carolina Experiment
Station and have been found effective for diminishing the toxicity of
cottonseed kernels or cottonseed meal:
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(1) Extraction of the kernels with ether (feed 316) or with ether and
with alcohol (feed 331). By these methods gossypol is reduced to such
a small amount that the residue is only slightly toxic (feed 316) or is non-
toxic (feed 331).

(2) Treatment of the meal with an alecoholic solution of an alkali
(Withers and Ray, 1913b). This treatment affords conditions for rapid
oxidation, and oxidized gossypol has been found by us to be nontoxic
(feed 338).

(3) Treatment of the meal with iron salts (Withers and Brewster,
1913) and Withers (1913). Treatment with iron salts is accompanied by
some chemical action, as shown by the pronounced change in the color of
the meal. The favorable physiological changes may be due to oxidation
of the gossypol or to the formation of a more difficultly soluble compound.
The oxidation may be due to the stimulating action of iron upon the
oxidases of the animal body or to the direct action which ferric salts exert
upon phenolic bodies. Ferrous sulphate forms an insoluble lake with
gossypol. We have not yet studied it, but as Marchlewski (1899) found
the lead salt so stable that it was not decomposed by hydrogen sulphid
nor sulphuric acid, it is likely that the iron lake is very stable also.

The seed tissue surrounding the cells probably prevents the free action
of reagents which would extract gossypol or render it physiologically
inert. This constitutes the principal difficulty that must be overcome by
the oil miller or stock feeder in rendering cottonseed meal nontoxic.

SUMMARY

(1) Gossypol, first isolated by Marchlewski from cottonseed oil and
considered by him a prospective dyestuff, was extracted by us from
cottonseed kernels and found to possess toxic properties.

(2) Cottonseed kernels were used as the initial material instead of
cottonseed meal, because they yield gossypol more readily to solvents
and are toxic to about the same extent.

(3) Ethyl ether was used as the solvent, the kernels having been
extracted with gasoline to remove most of the oil. Evaporation of the
ether leaves a crude product which we have designated *gossypol
extract.” A purer product, ‘‘ precipitated gossypol,”’ was obtained from
the ethereal solution by the addition of gasoline, and a crystalline
product, “gossypol ‘acetate,’”’ by precipitation by acetic acid.

(4) Gossypol was fatal to rabbits when administered intraperitoneally
in the form of gossypol extract or crystalline gossypol acetate, either
when fed in one large dose in the form of gossypol extract or when fed
in small daily doses in the form of gossypol extract, precipitated gossypol,
or gossypol ‘“‘acetate.”

(5) Gossypol forms an oxidation product which is nontoxic.

(6) Cottonseed kernels are rendered less toxic by the partial extrac-
tion of gossypol and nontoxic by a more nearly complete extraction of it.
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(7) Methods for rendering cottonseed kernels nontoxic depend upon
extracting the gossypol or changing it to physiologically inert forms by
oxidation or by precipitation. ,

(8) The smallest amount of gossypol administered intraperitoneally
by us and found fatal to rabbits was o.24 gm. of crystalline gossypol
acetate per kilo of live weight.

LITERATURE CITED
ANDERSON, R. J.
19r2. The organic phosphoric acid of cottonseed meal. N. Y. State Agr. Exp.
Sta. Tech. Bul. 25, 12 p.
Bauis, W. L.
1912. The Cotton Plant in Egypt . . . 202 p.,illus. London. Bibliography,
p. 181—-190.
BoucrrLLE, E. F.
1840. Medicinal properties of the cotton plant. - Abstract of a letter from E. F.
Bouchelle, M. D., of Columbus, Miss., to Prof. Short. In West. Jour.
. Med. and Surg., v. 2, no. 8, p. 163-164.
CRAWFORD, A. C.
1910. A poisonous principle in certain cotton-seed meals. Iz Jour. Pharmacol.
and Exp. Ther., v. 1, no. 5, p. 519-548.
DixwippIE, R. R.
1905. Cotton food-products in hog feeding. Ark. Agr. Exp. Sta. Bul. 83, 28 p.
EpcrrroN, C. W., and Morris, Harry.
1912. Some studies on cotton-seed meal poisoning. ILa. Agr. Exp. Sta. Bul.
134, 35 P-
EXPERIMENT STATION RECORD.
1910. [Toxicity of cottonseed meal.] "Iz Exp. Sta. Rec., v. 22, no. 6, p. 501-505.
FrIEMANN, A. F.
1909. Untersuchungen iiber Baumwollsamenmehl mit Beriicksichtigung seiner
toxischen Wirkung. 43 p. Bochum. Inaugural-Dissertation—Bern.
HaNavsex, T. F.
1903. Baumwollsamen. In Wiesner, Julius. Die Rohstoffe des Pflanzen-

reiches . . . Aufl. 2, Bd. 2, p. 754-750, fig. 237238. Leipzig.
1907. The Microscopy of Technical Products . . . Translated by A. L.
Winton. 471 p. 276 fig. New York and London.
LENDRICH, Karl.

1908. Ueber das Verhalten von Baumwollsamendl im Kanincherikérper und sein
Einfluss auf das Fett bei Fiitterung und Impfung. In Ztschr. Unters.
Nahr, u. Genussmtl., Bd. 15, Heft. 6, p. 326-334.
MarcHLEWSKI, L. P. T.
1899. Gossypol, ein Bestandtheil der Baumwollsamen. Iz Jour. Prakt. Chem.,
n. F., Bd. 6o, Heft 1/2, p. 84-90.
POWER, F. B., and BROWNING, Henry, Jr.
1914. Chemical examination of cotton-root batk. Iz Pharm. Jour. v. o3 (s. 4,
V. 39), 1O. 2658, p. 420-423.
RATHER, J. B.
1912. The formsof phosphorusin cotton seed meal. Tex. Agr. Exp. Sta. Bul. 146,
16 p. Literature cited, p. 15.
Wart, George.
19o7. The Wild and Cultivated Cotton Plants of the World. 406 p., illus.
London.



288 Journal of Agricultural Research Vol. V, No. 7

WERENSKIOLD, F. H.
1897. Beretning om Virksomheden i Statens kemiske Kontrolstation i Aaret 1896.
In Aarsber. Offentl. Foranst. Landbr. Fremme, 1896, p. 117-169. Ab-
stract in Exp. Sta. Rec., v. g, no. 9, p. 805-806. 1898.
WiTHERS, W. A. .
1913. A remedy for cottonseed meal poisoning. N. C. Agr. Exp. Sta. Cire. 5, 3 p.
and BREWSTER, J. F.

1913. Studies on cotton seed meal toxicity. II. Iron asan antidote. In Jour.
Biol. Chem., v. 15, no. 1, p. 161-166.

and Carrurg, F. E.
1915. Gossypol—a toxic substance in cottonseed. A preliminary note. In
Science, 1. s., V. 41, 10. 1052, P. 324.
and Fraps, G. S.
1go1. The composition of cottonseed meal. N. C. Agr. Exp. Sta. Bul. 179, p.
75-86.
——— and Rav, B. J. .
1912. A method for the removal of the toxic properties from cottonseed meal. A
preliminary report. In Science, n.s., v. 36, no. 914, p. 31-32.

B

1913a. Studies in cotton seed meal intoxication. I. Pyrophosphoric acid. In
Jour. Biol. Chem., v. 14, n0. 2, p. 53-58.

1913b. Studies in the toxicity of cotton seed meal. Ix Proc. 33d Ann. Meeting
Soc. Prom. Agr. Sci., 1912, p. 19—21I.



PLATE XXV
Gossypol glands of the cottonseed:

Fig. 1.—Lengthwise sections of cottonseed kernels, showing glands, folded cotyle-
dons, and hypocotyl. X8.

Fig. 2.—Cross sections of five widely different varieties of cottonseed kernels:
a, Russell Big Boll; b, Willet’s Red Leaf; ¢, Piedmont Long-Staple; d, Allen’s Early;
e, Wine Sap. X8.
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PLATE XXVI

Fig. 1.—Crystalsof gossypol ‘‘acetate’” from alcohol and 50 per centacetic acid. Xz5.
Fig. 2.—Crystals of gossypol from acetone. Xzs.





